A thirteen week feeding trial was conducted to determine the effects of feeding varying levels of dietary protein on productive performance, egg quality traits, erythrocyte osmotic fragility and haematological parameters using 195 six weeks old laying quails. The birds were randomly allocated to five dietary treatment groups of thirty nine (39) birds each, and were further replicated three times with thirteen (13) birds per replicate. They were fed five experimental diets containing 17, 18, 19, 20 or 21%CP. Feed and water were provided ad libitum through out the experimental period. The results obtained showed significant (p<0.01) enhancement on percent hen-day egg production (HDEP), hen-housed egg production (HHEP), average daily feed intake, average daily protein intake and feed conversion ratio as the dietary protein level increased. Egg traits like egg size, yolk weight, yolk diameter, yolk index, albumen height, egg shell weight and shell thickness improved significantly (p<0.01) at higher protein levels (20 and 21%CP). However, egg width, yolk width, albumen weight and egg shape index were not significantly (p>0.05) affected by dietary protein levels. The cost of producing 1g of egg in the treatment groups were N0.32, N0.31, N0.29, N0.27 and N0.27 for 17, 18, 19, 20 and 21% dietary protein levels respectively. The haematological results indicated that the lowest haemolysis of 37.37 ± 6.81 % was recorded at 0.85 % NaCl concentration in quail placed on 21 % CP and this increases as the crude protein level decreases while the haematological parameters showed that the highest values was obtained for packed cell volume, haemaoglobin concentration, total erythrocyte count and total protein in the quail placed on 21 % CP while the lowest value (p < 0.05) was recorded in the group of quail placed on 17 % CP. It was thus, concluded from the results of this study that 21% CP is required in the diets of laying Japanese quails under a hot-humid tropical environment and also it was demonstrated for the first time, that high CP level up to 21 % maintain the erythrocyte membrane integrity thereby preventing oxidative stress and haemolysis and thus improves haematological parameters in quail tremendously and the study also shows direct correlation between protein intake and serum protein level.
INTRODUCTION
The shortage of animal protein intake among the ever increasing human population in the third world countries has long been recognised and remains one of the greatest issues of concern today (Omikhoje et al., 2008) . Developing country including Nigeria is highly deficient in animal protein security with the per capita consumption put at 10.0 g/per day as against the minimum daily intake of 35 g recommended by Food and Agricultural Organisation to be the minimum requirement for the growth and development of the body (Esobhawan et al., 2008) . The implication of this is that 27.35 % of the minimum requirement in animal protein intake is secured in Nigeria.
One way of increasing protein supply is to diversify poultry production as well as increase the production of other microlivestock species with short generation intervals. Among the microlivestock animals is the japanese quail (Coturnix coturnix japanica). The Japanese quails have the potential to serve as an excellent and cheap source of animal protein for Nigerians (Babangida and Ubosi, 2006; Ani et al., 2009) . Quails attain sexual maturity early and come into lay between 5 -6 weeks of age (Anon, 1991) , 200 -300 eggs in their first year of lay (NRC, 1991) and quail meat and eggs are renowned for their high quality protein, high biological value and low caloric content (Haruna et al., 1997; Olubaniwa et al., 1999) . The optimum performance of livestock depends largely on the quality and quantity of their dietary nutrients. Currently, there is no commercial feed for quails in the Nigerian livestock feed industry as against chickens so as a result, most quail farmers, have to use commercial turkey and layer's feeds containing 26-28 % and 17 % Crude protein (CP) to feed quail chicks and quail layers respectively (Bawa et al., 2011) , while other farmers produce their own feed based on recommended nutrient requirement for temperature regions of the world. However, Njike (1987); Oyewola and Longe (1999) and Babangida and Ubosi, (2006) have reported that nutrient requirements established under temperate conditions may not be entirely satisfactory in the tropical environment characterised by high ambient temperature and low quality feedstuffs. There is a dearth of information on the protein requirements of laying quails in the hot-humid tropics with particular reference to Nigeria. Against this background, this study was designed to assess the effects of varying dietary protein levels on the performance, egg quality characteristics, erythrocyte osmotic fragility and haematology of Japanese quails reared under a hothumid tropical environment. 
MATERIALS AND METHODS

Experimental birds, Design and Management:
A total of one hundred and ninety five (195) Japanese quails were selected on the basis of weight and fitness from a six week old flock obtained from the National Veterinary Research Institute, VOM, Nigeria and used for the experiment. At seven weeks old, the quails were randomly allocated into five (5) dietary treatment groups (Table 1 ) of thirty nine (39) and further replicated three times with thirteen (13) quails each. They were raised in a deep litter house and supplied feed and water ad libitum through out the thirteen weeks study period. Performance characteristics of the quail determined included feed consumption, hen-day production, henhoused production, feed conversion ratio, protein intake and protein conversion ratio. Costs per gram of egg produced were calculated based on the prevailing market prices of the feed ingredients used. Five eggs laid per treatment replicate of 13 quails were sampled at random for three consecutive days fortnightly for the determination of external and internal egg quality traits.
Table1: Composition of Experimental Diets
For external egg quality traits: Egg weights were weighed using a mettler electronic balance while egg length and width were measured using vernier calliper. Egg shape index was derived from the egg width and length. Egg shell thickness was measured for individual dry egg shells at three different locations to the nearest 0.01 mm using a micrometer screw gauge. For internal egg quality traits: Albumen height and width were measured to the nearest 0.1cm using a vernier calliper. Yolk weight was measured by separating the yolk from the albumen using an egg yolk separator and then weighed with an electronic sensitive balance. Yolk height was measured by inserting a thin glass rod into the centre of the yolk and the height estimated using a rule and yolk width was taken as a diameter with a pair of vernier calliper. At the end of the experiment the quails were slaughtered and their blood was collected inside a bijou bottle containing an anticoagulant, sodium salt of ethylene diaminetetra-acetic acid at the rate of 2mg/ml of blood (Oyewale, 1992) . After blood collection, the samples were analysed for haematological parameters of packed cell volume (PCV), haemoglobin concentration (Hb) and total erythrocyte count (TRBC) as described by Schalm et al. (1975) while erythrocyte osmotic fragility (EOF) test was carried out as described by Faulkner and King (1970) and Adenkola et al. (2010) . Total protein was described using hand refractometer (Adenkola and Durotoye, 2004).
Statistical Analysis: All data obtained were subjected to analysis of variance (ANOVA) using the completely randomised design and treatment means which differed significantly (p < 0.05) were separated using Duncan's New Multiple Range Test as outlined by Obi (2002) .
RESULTS AND DISCUSSION
The performance of laying Japanese quails fed different dietary protein levels are presented in (2006) and Bawa et al. (2011) . This could be attributed to variations in the prevailing maximum ambient temperatures and relative humidity of 26.5 -42 o C and 47-85 % respectively. The temperature range at the time of the study was outside the thermoneutral zone of 19 -23 o C for adult quails as documented by Copper (1989) . Consequently, this may have accounted for the lower feed intake at higher temperature when birds tend to consume less feed in an attempt not to exceed their energy requirements. Oluyemi and Roberts (2007) have also documented the negative effects of high temperature and relative humidity interactions on the productivity of poultry raised in warm wet tropical environment. Average daily protein intake was significantly affected across the treatment groups but with no trenable pattern. The varying protein levels had significant effects on hen-day egg and hen-housed egg production among dietary treatments. As the dietary protein increases, there was a significant increase in hen-day production with birds on 17 % CP recording the lowest value of 69.67 % and 21 % CP with the highest value of 86.33 %. A significant (p < 0.01) similar trend was observed with hen-housed egg production as the dietary protein increased. The observed improvement in hen-day egg production (HDEP) and hen-housed egg production (HHEP) could be attributed to the enhanced quality (amino acid profile) of the dietary treatments. It could also be argued that the level of the two critical amino acids (Lysine and methionine) in quail nutrition were adequate enough to cause the noticeable performance of the quail, in term of HDEP and HHEP at 20 and 21 % dietary protein levels. Methionine has been reported to influence egg production and egg size on laying hens (Bamgbose and Biobaku, 2003) . HDEP = Hen day egg production, HHEP = Hen housed egg production, ADFI = Average daily feed intake ADPI = Average daily protein intake, FCR = Feed conversion ratio, PCR = Protein conversion ratio SEM = Standard error of mean . et al., 2011) .
The cost per kg of feed produced steadily increased with increase in dietary protein levels (Table 1) . However, the cost of feed per gram of egg produced varied from N0.32 to N0.27 in diets 1 to 5 respectively. Cost analysis showed that 20 and 21 % CP dietary treatments were most economical in producing a gram of egg despite the fact that 17 % CP has the least cost per kg diet. The best ration from the biological point of view is determined by the highest yield per unit feed consumed regardless of the amount of feed consumed. This confirms the report of Oruwari et al. (2003) and Fani et al. (2007) who suggested that the unit cost of feed used in producing a dozen or crate of egg should be given more importance rather than the least cost diet. It is therefore expected that birds on diet with the least cost per gram of egg produced will give a higher profit margin, hence diets with 20 and 21 % CP. Table  3 shows summary of the effects of varying dietary protein on egg quality parameters of Japanese quails. The results of the study showed that as dietary protein level increased, there was a significant (p < 0.01) effect on egg size, yolk weight, yolk index, yolk diameter, yolk height, albumen height, egg shell weight and egg shell thickness. The 21 % protein diet supported the production of bigger and heavier eggs than the other diets. Lin et al. (2004) and Bawa et al. (2011) reported that egg mass or weight can be used as criterion in assessment of nutritional status, especially if they are obtained from birds of the same age, breed and health status. This observation is in agreement with the reports that egg weight increases with increased dietary protein level (Annaka et al., 1993; Murakami et al., 1994; Babangida and Ubosi, 2006 and Bawa et al., 2011) . The egg weight varies between 8.25 to 9.78 g for a protein range of 17 to 21 %. Yamane et al. (1979) reported that a good quail egg should weigh about 9.3 g or more. Generally, means for egg shell thickness showed that quails fed 21 % protein diet produced significantly thicker egg shell than those for other protein diets. No specific reason could be suggested to this trend as dietary protein level has no direct effect on egg calcification during egg formation process. Protein dietary treatments had no significant (p > 0.05) effect on egg shape index.
The results of haematological parameters showed that the highest values was obtained for PCV, Hb concentration, TRB and TP in the quails placed on 21 % CP dietary treatment while the lowest value (p < 0.05) was recorded in the group of quails placed on diet with 17 % crude protein (Table 4 ). The lowest haemolysis of 37.37 ± 6.81 % was recorded at 0.85 % NaCl concentration in quails placed on diet with 21 % CP and this increase as the crude protein level decreases, while the highest haemolysis (p < 0.05) was obtained at 0.4 % Nacl concentration, and this value decreases as the protein level increases (Figure 1 ). The osmotic fragility of erythrocyte is a measure of their overall response to osmotic pressure and is influenced by several extrinsic and intrinsic factors. The maximum fragility of quail erythrocyte occurred between 0.00 -0.40 % in this study which is in agreement with findings of Mafudvadze and Erlwanger (2007) who reported that maximum haemolysis occurred in birds between 0.20 -0.40 %. The lower haemolysis observed in quail on high protein diet could possibly be due to the fact that the feed provides adequate nutrient which support both the proliferative and maturative stages of erythropoiesis or possibly the feed contain an inherent factor which protects the cytomembrane from lipid peroxidation and lysis of the erythrocyte. However more studies are needed to verify this. The normal function of the erythrocyte is based on the maintenance of the integrity of its membrane. The compromization of the erythrocyte membrane integrity resulting in increase haemolysis in the group fed lowest protein level and this may have been due to increased lipoperoxidation. Lipid peroxidation, which is the process of oxidative degradation of polyunsaturated fatty acids, and when it happens in biological membranes as demonstrated in the group fed with low level of protein it causes impairment of membrane function and structural integrity (Gutteridge and Halliwell, 1988) impairing the functioning and homeostasis of erythrocyte membrane (Dargel, 1991) . (Powers and Jackson, 2008) in the system are all protein and their level or their synthesis could be affected if the protein content of the body is low possibly leading to oxidative stress, lipid peroxidation of the erythrocyte membrane and hence greater haemolysis in birds fed low level of protein as a result of depletion of endogenous antioxidant enzymes. The results of this study also demonstrated clearly the direct correlation between protein intake and serum protein level.
CONCLUSION
The results obtained in this study showed that 21% CP dietary treatment group gave the best performance in most measured parameters, cost per gram of egg produced and egg qualities (external and internal). This finding also demonstrated for the first time the effect of different level of protein diets on erythrocyte osmotic fragility of quail, and that high protein level up to 21 % improves haematological parameters in quail tremendously. 
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